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1.

Common name:

CHEMICAL:

Chliorpyrifos

Chemical name:

0,0—Diethyl 0—(3,5,6—trich1oro—Z-pyridyl)phosphorothioate

Trade name(s):

CHLORPY?IFOS, BRODAN, DOWCO, DURSBAN, ERADEX, LORSBAN,
PYRINEX

Structure:

Cl- Z ‘ Cl /O"'Csz
Cl—aa 0—-?\\\
_ g 0—C2H5

Formulations:

0.1-25% D, 0.075-15% G, 1% P/T, 2 .32-50% WP, 10.6% Mcap,
0.5-10% Impr, 0.15625-4 1b/gal and 0.51-41.2% EC,
6 1b/gal SC/L, 0.073125-3.8 1b/gal ard 0.05-0.86% RTU,

} 0.09-0.5% PrL

Physical/Chemical proﬁérties:

Molecular formula: CgHy1C13NO3PS
Molecular weight: 34250.57.
Physical state: White granular crystal
Melting Point: 41.5-43,5°C
Vapor Pressure: 4,22 x 107
Solubility: Water: 2 ppmat 25°C.
Organic solvents (% of solution at 25°C):
Isooctane 79%
Methanol 43%
Readily soluble in other organic solvents

TEST MATERIAL:

See individual studies.

STUDY/ACTION TYPE:

Addendum to the Ch1orpyfifos Registration Standard.



TQ~ McCall, P.J. 1985b. Column leaching and sorption studies with

4.

e

STUDY IDENTIFICATION:

The following studies have been reviewed:

McCall, P.J. 1985a. Chlorpyrifos aged column leaching study.

* Report GH-C 1778. Submitted by Dow Chemical U.S.A, Agricultural

Products Department, Midland, MI. Acc. No. 260794. Reference 3.

. chlorpyrifos. Report GH-C 1777. Submitted by Dow Chemical U.S.A., -

\,\

)

Agricultural Products Department, Midland, MI. Acc. No. 260794.
Reference 2. ‘ .

McCall, P.J. 1986. Hydrolysis of chlorpyrifos in dilute aqueous

(5% solution. Report GH-C 1791, Submitted by Dow Chemical U.S.A.,
;2¢/ Agricultural Products Department, Midland, MI. Acc. No. 260794.

”
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Y

N

&'Reference 1.

McCall, P.J., R.L. Swann, and W.R. Bauriede]. 1985. Volatility
characteristics of chlorpyrifos from soil and corn. Submitted by Dow
Chemical Co., Midland, MI. Acc. No. 260794. Reference 4.

The following study was not reviewed because it contains exposure data
only: '

Bohl, R.W. and G. Huitink. 1985. Potential exposure monitoring for

“chlorpyrifos in a mature cornfield following aerial spraying of four

different carrier formulations of Lorsban 4E, Saunders County, Nebraska,
July 24-27, 1984. Submitted by Dow Chemical U.S.A., Midland, MI. Acc.
No. 260794. References 5 and 6. _ :

REVIEWED BY:

Hudson Boyd Signature: ) JJLHdL4ﬂV4 5?/4%1229/

Chemist . ‘
EAB/HED/OPP Date:  Jo~33-F 6

APPROVED BY.:. :
Emil Regelman Signature: ‘
Supervisory Chemist

{
Review Section #3, EAB/HED/OPP Date: OCT 25 1986
CONCLUSIONS

7.1 Hydrolysis (161-1)

The study by McCall (1986) was valid and fulfilled EPA Guidelines
requirements for hydrolysis testing. ’

Under environmental conditions (pH 5-7 and 25°C) chlorpyrifos
hydrolyzes slowly and the hydrolytic half-life is approximately«ffi:j///

72 days. 1In an alkaline environment (pH 9) hydrolysis proceeds
more rapidly and the half-life is approximately 16 days.

"% (o



7.2

7.3

7.4

Two degrggés, viz, 3,5,6-trichloro-2-pyridinol and O-ethyl <
0-(3,5,6-trichloro-2-pyridy1) phosphorothioate are the products
of hydrolysis. ’ ,

Mobility - Leaching/Adsorption/Desorption (163-1)

The studies by McCall (1985 a,b) were valid but provided only

part of the data required by Sec 163-1 of Subdivision N (Pesticide
Assessment Guidelines). A study is still needed on the desorption
of chlorpyrifos from the four soils or on the leaching of unaged
chlorpyrifos through one additional soil and one sediment.

Chlorpyrifos is slightly mobile to mobile in sandy loam and silt

loam; the adsorption and leaching of the chemical is positively
influenced by the organic carbon content of the soil - most of the
applied chloropyrifos will remain in the upper two inches of <qi:7_,
soil having an organic carbon content above 1%. Consequently,
chlorpyrifos would not appear to be a potential groundwater
contaminant in sandy loam or loam soils.

Metabolism-aerobic soil (162-1)

The study by McCall (1985 b) is valid and completes EPA data

requirements for aerobic soil metabolism, partially fulfilled by
earlier studies.

The half-life of chlorpyrifos in aerobic soils under environmental

conditions is expected to be about 7-10 days. A major degradate would
be 3,5,6-trichloro-2-pyridinol.

Volatility (Laboratory study) (163-2)

* Although the study of McCall, et al, (1985) investigating volatil-

jzation from plants was valid and provided useful information it
failed to provided data on air concentrations in units per volume
or units per time.

Tﬁé'WOrg on volatility from soil could not be validated because

of an inadequate testing/data gathering procedure. Consequently

this study does not fulfill EPA Guideline requirements for volatil-
ity testing.

8. RECOMMENDATIONS:

8.1

8.2

Accept the data developed by McCall (1986) on the hydrolysis of

chlorpyrifos as fulfilling the EPA requirements of Subdivision N,
Sec. 161-1.

Require the registrant to provide additional data on leaching/
adsorption/desorption (163-1) of chlorpyrifos as follows:

° Either desorption from the four soils on which adsorption data
were obtained, or

° Leaching of unaged chlorpyrifos through one additional soil and
one sediment. \—\
-3-



8.3

8.4

Accept the data developed by McCall (1985b) on the aerobic soil

metabolism of chlorpyrifos as fulfilling EPA requirements of
Subdivision N, Sec. 162-1. '

Require the registrant to state the volatilization of chloryprifos
fram plants in units per volume or in units per time.

Require repetition of the study on volatilization fram soil to
confim the application rate and the efficiency of the trapping
media. :

Require the registraht to provide data on the vapor pressure and
the water solubility of chlorpyrifos.

If possible, material balances at each sampling interval should be
given.

9. BACKGROUND ¢

A, Introduction

Chlorpyrifos has been previously reviewed by Dynamac for the Standard
and one addendum.

Description of the Chemical and of its Use:

Chlorpyrifos is a broad spectrum insecticide which is active by
contact, ingestion, and vapor action. It is registered for use on
tree fruit and nut crops; field and vegetable crops; ornamentals
(including greenhouses); lawns and ornamental turf; damestic

outdoor and indoor sites; cammercial establishments (edible and
nonedible product areas); aquatic noncrop sites; terrestrial noncrop
sites; poultry, pet, and animal housing; and on beef cattle amd
dogs. Chlorpyrifos is also used as a seed treatment.

" An estimated 7.0-11.0 million pourds kof active ingredient are prod-

uced each year in the United States for damestic use. Of the total
davestic chlorpyrifos usage, 57% is applied to corn and 5-6% to
cotton. Commercial pest control and lawn and garden services use
20-22% of annual chlorpyrifos consumption followed by darestic
household and lawn and garden use (9-13%). ZApplication rates range
fram 0.1 oz/A for some seed treatments to«~50 1b/A for certain

tree fruit applications. '

Chlorpyrifos may be formulated with allethrin, d-trans—allethrin,
s-bioallethrin, fenfluralin, bis(tributyltin)oxide, chlorthal-methyl,
copper 8—quindinolate, diazinon, dichlorvos, diplenamid, methyl
parathion, monuron, N-octyl bicycloheptene dicarboximide, phenothrin,
piperonyl butoxide, pyrethrins, resmethrin, siduron, Sulfox—-cide,

- tetramethrin, thiophanate-methyl, and toxaphene.

-l



Single active ingredient fomulations of chlorpyrifos consist of
0.1-25% D, 0.075-15% G, 1% P/T, 2.32-50% WP, 10.6% Mcap, 0.5-10%
Impr, 0.15625-4 1b/gal and 0.51-41.2% EC, 6 1lb/gal sc/L, 0.073125-
3.8 1lb/gal and 0.05-0.86% RTU, and 0.09-0.5% PrL. The D formulations
are applied as seed treatments and as spot treatments in darestic
dwellings. The G fomulations are banded or broadcast with ground
equipment or aerially and can be used as spot treatments in and
-around animal quarters and damestic dwellings. The WP is used as
a seed treatment and is also applied as a spray to turkey pens.

The Impr formulations are placed as baits or as impregnated strips.
The EC formulations are applied as sprays with grourd equipment or
aerially; as dips or sprays for cattle and nursing stock; sprayed or
painted on animal quarters or danestic dwellings; or by trenching, -
rodding, injection or low pressure sprays around terrestrial struc—
tures. RTU formulations are also painted or sprayed arourd animal
quarters and damestic dwellings and as a spot treatment on cattle.
The SC/L is applied exclusively as a fog for mosquito control.

The P/T formulation may be applied by aircraft. FPrL formulations
are applied as sprays to dogs and in ard arourd animal quarters
and damestic dwellings. Indoor use of chlorpyrifos formulations
above 0.5% is limited to professional pest control operators.
Chlorpyrifos can be applied for mosquito control only by or under
supervision of public health organizations, mosquito abatement
districts, or other trained personnel responsible for insect
control programs. ) : '

10. DISCUSSION OF INDIVIDUAL TESTS OR STUDIES:
See attached reviews of individual studies.

11. COMPLETION OF ONE-LINER:

One liner amended.

12, (BI APPENDIX:

All data reviewed here are considered CBI by the registrant
and must be treated as such.
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INTRODUCTION

Chlorpyrifos is a broad spectrum insecticide which is active by
contact, ingestion, and vapor action, It is registered for use on
tree fruit and nut crops; field and vegetable crops; ornamentals
(including greenhouses); lawns and ornamental turf; domestic

outdoor and indoor sites; commercial establishments (edible and
nonedible product areas); aquatic noncrop sites; terrestrial noncrop
sites; poultry, pet, and animal housing; and on beef cattie and
dogs. Chlorpyrifos is also used as a seed treatment.

An estimated 7.0~11.0 million pounds of active ingredient are prod-
uced each year in the United States for domestic use. Of the total
domestic chlorpyrifos usage, 57% is applied to corn and 5-6% to
cotton. Commercial pest control and lawn and garden services use
20-22% of annual chlorpyrifos consumption followed by domestic
household and lawn and garden use (9-13%). Application rates range
from 0.1 oz/A for some seed treatments to ~50 1b/A for certain

tree fruit applications. '

Chlorpyrifos may be formulated with allethrin, d-trans-allethrin,
s-bioallethrin, fenfluralin, bis(tributyltin)oxide, chlorthal-methytl,
copper 8-quindinolate, diazinon, dichlorvos, diplenamid, methyl
parathion, monuron, N-octyl bicycloheptene dicarboximide, phenothrin,
piperonyl butoxide, pyrethrins, resmethrin, siduron, Sulfox-cide,
tetramethrin, thiophanate-methyl, and toxaphene.

Single active ingredient formulations of chlorpyrifos consist of
0.1-25% D, 0,075-15% G, 1% P/T, 2.32-50% WP, 10.6% Mcap, 0.5-10%
Impr, 0.15625-4 1b/gal and 0,51-41.2% EC, 6 1b/gal SC/L, 0.073125-
3.8 1b/gal and 0.05-0.86% RTU, and 0.09-0.5% PrL. The D formulations
are applied as seed treatments and as spot treatments in domestic
dwellings. The G formulations are banded or broadcast with ground
equipment or aerially and can be used as spot treatments in and
around animal quarters and domestic dwellings. The WP is used as

a seed treatment and is also applied as a spray to turkey pens.

The Impr formulations are placed as baits or as impregnated strips.
The EC formulations are applied as sprays with ground equipment or
aerially; as dips or sprays for cattle and nursing stock; sprayed or
painted on animal quarters or domestic dwellings; or by trenching,
rodding, injection or low pressure sprays around terrestrial struc-
tures. RTU formulations are also painted or sprayed around animal
quarters and domestic dwellings and as a spot treatment on cattle.
The SC/L is applied exclusively as a fog for mosquito control.

The P/T formulation may be applied by aircraft. PrL formulations
are applied as sprays to dogs and in and around animal quarters

and domestic dwellings. Indoor use of chlorpyrifos formulations
above 0.5% is limited to professional pest control operators.
Chlorpyrifos can be applied for mosquito control only by or under
supervision of public health organizations, mosquito abatement
districts, or other trained personnel responsible for insect
“control programs.

\'o—



DATA EVALUATION RECORD PAGE 1 OF 6

CASE GS0100 CHLORPYRIFOS STUDY 1 PM -
CHEM 059101 Chlopyrifos
BRANCH EAB DISC =~

FORMULATION 00 -~ ACTIVE INGREDIENT

\—\—uumuuuuuunuuuum—u\—uuuuuuuuuuuuuuuvavn—-u-\-\--\nu\oa\nv-uv—uuunuu\—unnuumuuuuuunmuuua

FICHE/MASTER ID No MRID CONTENT CAT 02

McCall, P.J. 1986, Hydrolysis of chlorpyrifos in dilute aqueous solution.
Report GH-C 1791. Submitted by Dow Chemical U.S.A., Agricultural Products
Department, Midland, MI. Acc. No. 260794, Reference 1.
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REVIEWED BY: P. Perreault
TITLE: Staff Scientist
ORG: Dynamac Corp., Rockville, MD
TEL: 468-2500

.vhb‘\ﬁ\nu\n\ﬂ“mmnﬂuua“u\n_\nhwmuuv‘umuv%&nma\ov‘w\ﬂwm—Muh“muﬂv‘\-\a’_u\—umuu‘b‘\n\—uw\—\nv‘ma\nuuw

APPROVED BY: H. Boyd
TITLE: Chemist
ORG: EAB/HED/QOPP
TEL: 557-7463
SIGNATURE: DATE:
CONCLUSTONS:

Degradation - Hydrolysis

1, This study is scientifically valid.

2. 2,6-Pyridine ring-labeled [14CIchlorpyrifos (purity 97.9%), at ~0.6 ppm,
degraded with calculated half-lives of 72.8 days at pH 5, 72.1 days at
pH 7, and 15.8 days at pH 9 in sterile buffered solutions incubated in
the dark at 25°C for 35 days. Two degradates were formed and were identi-
fied as 3,5,6-trichloro-2-pyridinol and O-ethyl 0-(3,5,6-trichloro-2-pyri-
dyl) phosphorothioate.

3. This study fulfills EPA Déta Requirements for Registering Pesticides by
providing information on the hydrolysis of chlorpyrifos at pH 5, 7, and 9.

MATERIALS AND METHODS:

'2,6-Pyridine ring-labeled [14CJchlorpyrifos (radiochemical purity 97.9%,
specific activity 14.2 mCi/mmol, Dow Chemical U.S.A) in acetone was ad-
ded at ~0.6 ppm to capped centrifuge tubes containing samples (50 ml)
of sterile city water adjusted to pH 5, 7, and 9 at 0.005 M with phos-

-1~
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phate buffers. The solutions were incubated in the dark at 25°C and
were sampled at various intervals up to 35 days after treatment.

Aliquots (1.1 ml) of the solutions were divided into two parts for analy-
sis. One part (0.1 ml) was analyzed for total radioactivity using LSC.
The LSC counting efficiencies ranged from 78,7 to 103.8%. The remain-
ing aliquot (1.0 m1) was analyzed for chlorpyrifos and its degradates

by HPLC. Degradates were characterized by injecting the remaining hy-
drolysis solutions on the HPLC column and then collecting and pooling
the fractions containing the individual radioactive peaks for analysis.
The peaks were coinjected with analytical standards using two different
sets of gradient elution conditions, under which the columns were eluted
with water and methanol buffered with either 0.01 M ammonium acetate
(Condition A) or 1.0% acetic acid (Condition B). The pooled fractions
were acidified with 0.1 N hydrochloric acid and extracted three times

~with diethyl ether. The ether extracts were pooled, dried over sodium

sulfate, and concentrated. The concentrated fractions were then reacted
with either N,0-bis-(trimethylsilyl) acetamide or diazomethane and analyzed
by GC/MS.

REPORTED RESULTS:

[l4cIChlorpyrifos, at ~0.6 ppm in sterile buffered water incubated at
25°C, degraded with calculated half-lives of 72.8 days at pH 5, 72.1 days
at pH 7, and 15.8 days at pH 9 (Figures 1-3). Two degradates were formed
and were identified as 3,5,6-trichloro-2-pyridinol and O-ethyl 0-(3,5,6-
trichloro-2-pyridyl) phosphorothiocate (Table 1).

DISCUSSION:

1.
2.

Method detection 1imits were not reported.

After one week, the data at pH 9 showed a decrease in the rate of hydroly-
sis resulting from a change in pH in these samples to a value of ~8.0.

The change in pH was attributed to the production of 0,0-diethyl phosphoro-
thioic acid. In order to obtain an accurate estimate of the hydrolysis
rate at pH 9, the first order plot included only data from the first four
time points (Figure 3).



Figure 1.
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Figure 2.
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Figure 3. Chlorpyrifos degradation in sterile solution buffered at pH 9

and incubated in the dark at 25°C.2

a Includes data for the first seven days of the study only.
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Table 1. [l4c]Chlorpyrifos and its degradates (% of applied) in buffered solu-
tions treated with [14C]chlorpyrifos at ~0.6 ppm and incubated in
the dark at 25°C.

Sampling ) O0-Ethyl 0-(3,5,6~
interval Chior- 3,5,6-Trichloro- trichloro-2-pyridyl)
(days) pyrifos - 2-pyridnol phosphorothioic acid
pH 5
0.0 95.4 4,6 NDa
2.0 96.0 4.0 ND
7.0 90.8 5.9 3.3
14.0 84.8 7.5 7.7
21.0 79.3 9.6 11,1
135.0 69.2 13.2 17.7
pH T
0.0 95.4 4.6 ND
2.0 96.0 4.0 ND
4.0 93.2 5.0 1.8
7.0 90.9 5.8 3.3
14,0 83.9 8.5 7.6
21.0 78.5 10.9 10.6
35.0 69.3 14,3 16.4
.Eﬂ_gp
0.0 95.4 4.6 ND
2.0 85.0 12.9 1.5
4.0 77.8 19.0 1.8
7.0 69.9 27.0 3.1
14,0 57.5 36.8 5.7
21.0 54.5 37.8 7.7
35.0 39.6 47.9 12.5

a Not detected; detection 1imit not reported.

b After week 4, pH declined from 9.0 to ~8.0.
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APPROVED BY: H. Boyd
TITLE: Chemist
ORG: EAB/HED/OPP
TEL: 557-7463
SIGNATURE: - : DATE:
CONCLUSIONS:

Mobility - Leaching and Adsorption/Desorption

1. This study is scientifically valid.

2. [14cIChlorpyrifos (purity >98%) was slightly mobile to mobile in sandy
loam, 1oam, and silt 1oam soils, based on batch equilibrium and column
leaching studies. The adsorption and leaching of [14¢Ichlorpyrifos were —~<—
positively affected by the organic carbon content of the soil. Adsorption
coefficients (Kq) ranged from 49.9 in a loam soil (organic carbon content
0.68%) to 99.7 in a silt loam soil (organic carbon content 2.01%). In soil
columns, ~5% of the applied chlorpyrifos leached below the upper 5 cm
in the loam soil, while <1% of the applied chlorpyrifos leached below
the upper 5 cm of the sandy loam and silt Toam soils (the two soils
highest in organic carbon).

3. This study partially fulfills EPA Data Requirements for Registering Pesti-
cides by providing information on the mobility of unaged chlorpyrifos in
columns of three soils and on the adsorption of chlorpyrifos in three soils.
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MATERIALS AND METHODS:

Experiment 1

2,6-Pyridine ring-labeled [14CIchlorpyrifos (radiochemical purity >98%,
specific activity 1.99 mCi/mmol, Dow Chemical U.S.A.) in acetone was ad-
ded at 1 ppm to a slurry consisting of 4 g of sieved (2 mm) soil and

15 ml of a 0.1 N calcium sulfate solution (Table 1). The mixture was
shaken overnight, then centrifuged for 1 hour and the supernatant re-
moved. Aliquots of the supernatant were analyzed for total radioactiv-
ity using LSC and for chlorpyrifos using HPLC.

Experiment 2

Columns (30-cm depth, 17-mm width) of the same soils were saturated with
the calcium sulfate solution. [l4CIChlorpyrifos was applied to the
surface of the columns at 0.5 kg ai/ha. The columns were eluted with
20 inches of the calcium sulfate solution at a flow rate of ~1 ml/hour.
Following leaching, the columns were frozen and cut into l-cm segments.
Each segment was extracted with acetone, and the extracts were analyzed
for total radioactivity using LSC.

REPORTED RESULTS:

Experiment 1

Sorption coefficients (Kq) ranged from 49.9 for the loam soil to 99.7
for the silt loam soil, indicating a correlation between organic matter
content and chlorpyrifos adsorption (Table 2).

Experiment 2

In the soil columns, »95% of the chlorpyrifos residues remained in the
top 2 cm of soil for all three soil types (Table 3). In the sandy loam
and silt 1oam soils (the two soils highest in organic carbon), <1% of

the applied radioactivity was found below the upper 5 cm of the soil col~-
umns, while the loam soil had ~5% of the applied below the upper 5 cm.

DISCUSSION (both experiments):

1. The CEC of the soils was not reported.

2. In the batch equilibrium portion of the study, desorption of chlorpyrifos
was not studied. Experimental procedures and protocols were adequate to
assess chlorpyrifos adsorption on soil.

3. Based on the results of Experiment 1 (batch equilibrium portion of the
study) chlorpyrifos would be classified as moderately mobile; however,
the results from Experiment 2 (column leaching portion of the study)
would classify chlorpyrifos as a low mobility pesticide in all three soils.
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Table 1. Soil characteristics.

Organic
Sand - Silt Clay carbon
Soil type Source 9 pH
Commerce Toam Mississippi 38 48 14 0.68 6.7
Tracy sandy 1oam Indiana 56 30 14 1.12 6.2
Catlin silt loam IT1inois 12 56 32 2.01 6.2
Qe



Table 2. Adsorption coefficients for batch equilibrium studies and leach-
ing distances in soil columns eluted with 20 inches of 0.1 N
calcium ion solution for [14CIchlorpyrifos residues.

Sorption coefficientsbP

Leaching distance®

Soil type? Kq Koc (cm)
Commerce loam 49 .9 7300 1
Tracy sandy loam 65.6 5860 ; 1
Catlin silt loam’ 99.7 4960 1

a8 Soil characteristics presented in Table 1.

b Kg = chlorpyrifos bound to soil/chlorpyrifos in supernatant.
Koc = chlorpyrifos per gram of organic carbon/chlorpyrifos per gram
of supernatant.

C Point of maximum concentration of chlorpyrifos in the soil column.
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Table 3. Distribution of radiocactivity (% of applied) in three soil columns
treated with unaged [14¢3chlorpyrifos and leached with 20 inches

of water.

Sampling :
depth Commerce Tracy - Catlin
(cm) 10am s sandy 1oam silt loam
0-1 89,7 79.1 95.8
1-2 5.2 18.4 2.8
2-3 0.3 0.9 0.6.
3-4 0.2 0.3 0.2
4-5 0.2 0.4 0.1
5-6 0.2 0.3 0.1
6-7 0.2 0.1 <0,1
7-8 - 0.2 0.2 <0.1
9-10 0.2 n.1 <0.1

10-11 0.2 0.1 <0.1

11-12 0.2 <0.1 <0.1

. 12-13 0.2 <0.1 <0.1

13-14 0.1 <0.1 <0.1

14-15 0.2 <0.1 <0.1

15-16 0.2 <0.1 <0.1

16-17 0.2 <0.1 <0.1

17-18 0.1 <0.1 <0.1

18-19 0.2 <0.1 <0.1

19-20 0.1 <0.1 <0.1

20-21 0.2 <0.1 <0.1

21-22 0.2 <0.1 <0.1

22-23 0.1 <0.1 <0.1

23-24 0.2 .<0.1 <0.1

24-25 0.2 <0.1 <0.1

Radioactivity . 99.2 »>99.9 >99.6

in soil colums '

Radiocactivity 1.3 0.3 0.3

in leachate :

Total 100.5 >100.2 >99.9
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SIGNATURE : DATE:
CONCLUSIONS: |

Metabolism - Aerobic Soil

1. This study is scientifically valid.

2.  2,6-Pyridine ring-labeled [14C)chlorpyrifos (purity 97.9%), at 1.2 ppm,
in a sandy loam soil maintained under aerobic conditions at 25°C in the
dark, degraded with a half-l1ife of 7-10 days. One major degradate, <
identified as 3,5,6-trichloro-2-pyridinol, was formed (maximum 28.1% at
10 days posttreatment).

3. This study partially fulfills EPA Data Requirements for Registering Pesti-
cides by providing information on the degradation of chlorpyrifos in an
aerobic soil.

Mobility - Leaching and Adsorption/Desorption

1. This‘stddy is scientifically valid.

2. Aged (10 days) 2,6-pyridine ring-labeled [14C]chlorpyrifos (purity 97.9%)
residues were moderately mobile in a sandy loam soil after leaching with
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20 inches of water; 73% of the applied remained in the upper 5 cm of
the column. The remaining [14CIresidues were distributed fairly evenly
throughout the column and in the column leachate. Chlorpyrifos and
3,5,6-trichloro-2-pyridinol were the major components of the residues.
3,5,6-Trichloro-2-pyridinol (purity 99%) had adsorption coefficients
(Kq) of 0.37 and 0.33 in two different samples of the sandy 1oam soil.

3. This study partially fulfills EPA Data Requirements for Registering Pesti-
cides by providing information on the mobility of aged chlorpyrifos resi-
dues in soil.,

MATERIALS AND METHODS:

Metabolism - Aerobic Soil

Londo sandy 1oam soil (68% sand, 20% silt, 12% clay, 1.9% organic car-
bon, pH 7.5) was sieved (2 mm), placed in one compartment of a two-com-
partment incubation flask, and treated with 2,6-pyridine ring-labeled
[14CIchlorpyrifos (radiochemical purity 97.9%, 14.2 mCi/mmol, Dow Chemi-
cal U.S.A) in acetone at 1.2 ppm. The second compartment of the flask
contained 0.2 N NaOH as a COo trap. The flasks were aged under aerobic
conditions at 25°C in the dark for 0, 7, 10, or 35 days. Following the
aging period, total radiocactivity in eacy4samp1e flask was determined

by analysis of the NaOH for volatilized “"CO, using LSC and by analysis
of the soil for nonvolatilized radiocactivity using combustion and LSC.
Soil samples were then extracted once with phosphoric acid and diethyl
ether and three additional times with ether. The extracts were partitioned
and aliquots of the ether and acid fractions were analyzed for total
radioactivity using LSC. Total radioactivity in samples of extracted
soil was determined by LSC following combustion. The ether extracts were
then analyzed for chlorpyrifos and its degradates using HPLC.

Mobility - Leaching and Adsorption/Desorption

Experiment 1

A layer (2 cm) of the aged (10 days) Londo sandy loam soil was added to
the top of soil columns (40-cm depth, 22-mm width) filled with air-dried
untreated Londo sandy loam soil (30-cm depth). The columns were saturat-
ed from the bottom and then eluted with 20 inches of water at a flow rate
of 0.5 ml/minute. Following leaching, the columns were frozen and cut
into 5-cm segments. Each segment was thoroughly mixed and analyzed for
total radioactivity using combustion and LSC. Samples of each segment

of soil were extracted with phosphoric acid and diethyl ether. The
extracts were analyzed for chlorpyrifos and its degradates using HPLC.
Total radiocactivity in the leachate was determined by using LSC. Ali-
quots of the leachate were then acidified with 1.0 N HC1, extracted

three times with ether, and total radioactivity in the ether extracts was
determined by LSC. The ether extracts were dried with sodium sulfate,
concentrated, and degradates were characterized using HPLC.

-13-
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Experiment 2

To determine the sorption properties of the major degradate, 2,6-ring-
labeled [14¢]13,5,6-trichloro-2-pyridinot (radiochemical purity 99%,
specific activity 1.98 mCi/mmol, source unspecified) in an aqueous
solution was added at ~1.2 ppm to Londo sandy loam soil in centrifuge
tubes. The tubes were shaken for 4 hours and centrifuged for 30 minutes
to separate the soil from the water. The aqueous fraction was then

" analyzed for total radioactivity using LSC.

REPORTED RESULTS:

Metabolism - Aerobic Soil

[l4cicnorpyrifos, at 1.2 ppm in Londo sandy loam soil, degraded with a
half-1ife of 7-10 days under the conditions of this study (Figure 1).
One major degradate, identified as 3,5,6-trichloro-2-pyridinol, was
formed and reached a peak concentration at 10 days (Table 1).

Mobility - Leaching and Adsorption/Desorption

Experiment 1

In soil columns, the majority (73.1%) of aged [14C}&hlorpyrifos residues
remained in the top 5 cm of soil. The remaining [**C]residues were dis-
tributed fairly uniformly throughout the column and in the column leach-
ate. The major degradate, 3,5,6-trichloro-2-pyridinol, was found dis-
tributed throughout the column and accounted for all of the radioactiv-

ity recovered from the leachate (Table 2).

Experiment 2
Sorption coefficients (Kq) were 0.37 and 0.33 for two different samples
of the treated sandy loam soil, indicating that 3,5,6-trichloro-2-pyridi-
nol was moderately mobile under the conditions of the experiment.

DISCUSSION:

General (both studies)

1, The test soil was not completely characterized; the CEC of the soil was
not reported.

2. Method detection limits were not reported.

Metabolism ~ Aerobic Soil

Recovery values, based on combustion data and analysis of the N%QH, were
Tow (80-90%). However, overall recovery, based on the sum of [*"Clresi-
dues in the NaOH, the diethyl ether extract, the acid extract, and the
combustion of extracted soil, was adequate (92-97%).
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Mobility - Leaching and Adsorption/Desorption

Experiment 1

Kq values were not reported.

Experiment 2

1. It was not specified whether or not the experiment was conducted in a
0.01 N calcium ion solution.

2. The temperature at which the study was conducted was not specified.
3. Desorption of the test substance was not studied.
4, Adsorption was studied on only one type of soil; however, the one soil

type used (sandy loam soil) was adequate for the purposes of this exper-

-15-
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Figure 1.
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Table 1. [14¢IChlorpyrifos and its degradates (% of applied) in Londo sandy 1oam soil treated with [14CIchlorpy~-
rifos at 1.2 ppm and maintained under aerobic conditions at 25°C in the dark.

" Sampling ‘ 3,5,6- [14C]residues
interval Trichloro- , in phosphoric Non- 14 T?Xal
{days) Chlorpyrifos? 2-pyridinol? Other? acid extracts extractahle €0, [**cl
0 80.2 0.8 1.0 0.15 11.0 0.0 93.15:
7 - 56,5 22.8 0.4 0.22 10.2 2.8 92 .92
10 43.5 28.1 2.0 0.40 15.2 4.5 93.70

35 14.7 26.6 2.7 5.40 14.8 31.6 95.80

a percent of applied [14CIresidues found in diethyl ether soil extract.
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Table 2. Distribution of total [14CJresidues (% of applied) in_soil columns fill-
ed with sandy loam soil treated with aged (10 days) [14CJchlorpyrifos,

at 1.2 ppm, and leached with 20 inches of water.

Sampling
depth Non- Total
(cm) , Chlorpyrifos Pyridinol extractable (14c]
- 0-5 48,7 111 11.6 73,1
5-10 0.1 2.1 0.1 3.0
10-15 0.0 3.3 0.1 3.7
15-20 0.0 4.1 0.1 4.9
2025 0.0 5.4 0.1 5.4
25-30 0.0 5.4 0.1 3.6
Radiocactivity 48,8 31.4 12,1 93.7
in soil
columns
Radiocactivity 0.0 4.7 1.5 6,2
in leachated
Total 48,8 36.1 13,6 99.9
2 Total volume was 192 ml.
-18-
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SIGNATURE: ~ DATE:
CONCLUSIONS:

Mobility - Laboratory Volatility

1. The portion of this study investigating the volatilization of chlor-
pyrifos from corn is scientifically valid; however, the portion of this <§§———
study investigating the volatilization of chlorpyrifos from soil cannot
be validated because the soil was not sampled immediately after treat-
ment to confirm the application rate and no data on the trapping ef-
ficiency of the polyurethane foam plugs were provided, thus, the con-
centration of residues volatilized could not be determined.

2. [14C]Chlorpyrifos residues volatilized with a half-1ife of <12 hours
from the surface of corn leaves treated with formulated (4 1b/gal, EC)
[14CIchlorpryifos at 1.12 kg/ha. At 96 hours posttreatment, >80% of the
applied radioactivity had been volatilized, and ~1 and 11% of the ap-
plied was detected on the leaf surfaces and in the leaf tissues, respect-
jvely.

3. This study does not fulfill EPA Data Requirements for Registerihg Pesti-
cides because: Experiment 1 - volatility data were not expressed as
ug/cmz/hour, air concentrations were not expressed as ug/m’ or mg/m3,
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the test soils were not completely characterized, and the relative

humidity was not reported; Experiment 2 - volatility data were not
expressed as ug/cmz/hour, air concentrations were not expressed as

ug/m’ or mg/m’>, and material balances were incomplete.

MATERIALS AND METHODS:

Experiment 1

Samples of moistened (100% of 1/3 bar) loam, sandy loam, and silty clay
loam soils (Table 1) were placed in a volatility apparatus (Figures 1

and 2) and surface-treated with acetone solutions of 2,6-pyridine ring-
labeled [14C]chlorpyrifos (radiochemical purity 98.8%, specific activity
1.99 mCi/mmol, Dow Chemical Co.) at 6 ppm (1.12 kg/ha). The soil samples
were maintained at 25°C, and water-saturated air was passed over the soil
at an airflow rate of 1.0 L/minute (1.0 km/hour wind speed). Volatilized
compounds were trapped with polyurethane foam plugs (~0.032 g/cm3
density).

Polyurethane foam plugs were periddica]\y sampled and extracted with
acetone. Radioactivity in the extract was quantified using LSC.

Experiment 2

Jacques JX-21 field corn plants (24 plants, ~35 cm tall) were contained
in an enclosed glass environmental chamber (Figure 3), and an aqueous
solution of 2,6-pyridine ring-labeled [14c]chiorpyrifos (radiochemical
purity >99%, specific activity 14.2 mCi/mmol, Dow Chemical Co.) formulated
as Lorsban (4 1b/gal EC) was applied at 1.12 kg/ha to one leaf on each
plant. The chamber was maintained at 30°C, with a relative humidity of
45-65%, and a photoperiod of 15 hours on:9 hours off (1000 W G.E. Duro-
glow lamp above the chamber). Air was passed through the chamber at a
rate of 0.8 km/hour. Volatile compounds were trapped with polyurethane
foam plugs. Foam plugs and treated leaves were sampled at O, 3, 6, 9,
12, 24, 48, and 96 hours posttreatment.

Po]yurefhane foam plugs were extracted with acetone, and radioactivity
in the extract was quantified using LSC. Leaf samples were washed with
methanol, and [14C]residues in the washes were quantified using LSC.

[14CIResidues remaining in the leaf tissue were quantified by LSC fol-
Towing combustion.

REPORTED RESULTS:

Experiment 1

Physical properties of chlorpyrifos are presented in Table 2. [l4c]-
~Chlorpyrifos residues volatilized with half-lives of >36, 29, and 32
hours from loam, sandy loam, and silty clay loam soils, respectively,
treated with [14C]ch1orpyrifos at 6 ppm. At 36, 29, and 32 hours post~-
treatment, ~62, 89, and 62% of the applied radiocactivity remained on
the 1oam, sandy loam, and silty clay loam soils, respectively (Table 3).
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Experiment 2

[l4cIchlorpyrifos residues volatilized with a half-1ife of <12 hours
from corn plants treated with formulated [14C]ch10rpyrifos at 1.12 kg/ha.
At 96 hours posttreatment, >80% of the applied radioactivity had been
volatilized and ~1 and 11% of the applied was detected on the leaf
surfaces and in the leaf tissues, respectively (Table 4).

DISCUSSION:

General

1. Volatility data were not expressed as ug/cme /hour.

2. Air concentrations were not expressed as ug/m3 or mg/m3.

Experiment 1

1. The soil was not sampled immediately after treatment to confirm the
stated chlorpyrifos application rate.

2. No data on the trapping efficiency of the polyurethane foam plugs were
provided. The study authors did state that a preliminary experiment
was conducted in which chlorpyrifos was applied directly to a foam plug
and air was passed through the plug for 2 days, and the test substance
was retained on the foam plug.

3. The CEC of the soils was not reported.

4, According to the USDA Soil Textural Classification System, the soil
jdentified as a sandy clay loam is a silty clay loam. The correct
classification is used in describing the soil throughout the study.

-5, The relative humidity was not reported.

Experiment 2

Material balances were incomplete at the 3-, 6-, and 9-hour sampling
intervals.
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Table 1. Soil characteristics.

Organic

, Sand Silt Clay matter
Soil type Location 9 pH
Commerce 10am Mississippi 38 48 14 0.68 6.7
2:23 sandy loam Germany 78 12 10 2.63 6.2

Kawkawlin silty Michigan 12 60 28 1.46 6.4
clay loam :

3 German standard soil.
b Reported to be a sandy clay loam; however, according to the USDA Soil

Textural Classification System, the soil was determined to be a silty
clay loam,
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Table 2. Physical properties of chlorpyrifos.

Molecular weight 350.6 g/mo]

Water solubility » 1.07 ppmd

Vapor pressure . 1.9 x 105 torr at 25°Cb
Soil sorption constant, K,. 6000 - 10000¢ |

a Swann, R.L., D.A. Laskowski, P.J. McCall, K. Vander Kay, and H.J. Dishburger.
1983, A rapid method for the estimation of the environmental parameters
octanol /water partition coefficient, soil sorption constant, water to air
ratio, and water solubility. Residue Rev. 85, 17-26.

b Burst, H.F. 1966. A summary of chemical and physical properties of Dursban.
Down to Earth, Winter, 21. :

C McCall, P.J., G.R. Oliver, and R.L. McKeller. 1984, Modeling the runoff po-

tential of chlorpyrifos in a terrestrial - aquatic watershed. GH-C 1694. Un-
published report of the Dow Chemical Company.
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Table 3. [l4cIChiorpyrifos residues (% remaining)@ on loam, sandy 1loam,
and silty clay loam soils treated with ring-labeled [14¢cichior-
pyrifos at 6 ppm.

Sampling : Sampling Sampling
interval ] interval Sandy 1oam interval Silty c!ag
(hours) Loam soil (hours) soil (hours) loam soil
0.0 . 100.0 0.0 100.0 0.0 100.0
2.5 98.2 3.0 | 99.0 2.0 98.2
7.0 93.5 6.0 97.5 4.0 95.2
10.5 88.6 8.0 - 96.6 8.5 88.8
2.0 71.4 23.0 90.5 24.0 70.1
36.0 62 .2 29.0 88.7 32.0 62.0

a Calculated from the difference between the amount of radiocactivity volati-
lized and that theoretically applied to the soil. The amount of radioactiv=-
ity volatilized was determined by dividing the total radioactivity extracted
from the polyurethane foam plugs by the amount of radioactivity theoretical-
1y applied to the soil.

b Classified by the study authors as a sandy clay loam.
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Table 4. [14cIChlorpyrifos residues (% of applied) in and on leaf tissue and
in air after corn plants were treated with L 4C]ch]orpymfos formu-
lated as Lorsban (4 1b/gal, EC) at 1.12 kg/ha.

Leaf tissue

Sampling
interval Surface ' Total
(hours) extractabled. Unextractable Volatiles - [14c]
0 100 _ - - 100.0
3 44.7 15.3 22.5 82.5
6 20.9 21.1 36.7 78.7
9 16.0 - 241 48,7 88.8
12 6.6 ‘ 28.7 56.8 92.1
24 5.8 21.5 S T2.0 99.3
48 1.8 17.0 79.3 - 98.1
96 1.1 10.6 84,2 ' 95.9

a Methanol wash,
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EXECUTIVE SUMMARY

The data summarized here are scientifically valid data that have been
reviewed in this report but do not fulfill data requirements unless noted
in the Recommendations section of this report.

2 ,6-Pyridine ring-labeled [14C]chlorpyrifos (purity 97.9%), at ~0.6 ppm,
degraded with calculated half-lives of 72.8 days at pH 5, 72.1 days at pH 7,
and 15.8 days at pH 9 in sterile buffered solutions incubated in the dark
at 25°C for 35 days (McCall, 1986; No MRID). Two degradates were formed
and were identified as 3,5,6-trichloro-2-pyridinol and O0-ethyl 0-(3,5,6~
trichloro-2-pyridyl) phosphorothioate.

[14cIChlorpyrifos (purity >98%) was slightly mobile to mobile in sandy loam,
loam, and silt loam soils, based on batch equilibrium and column 1e32hing
studies (McCall, 1985b; No MRID). The adsorption and leaching of [t*Clchlor-
pyrifos were positively affected by the organic carbon content of the soil.
Adsorption coefficients (Kq) ranged from 49.9 in a loam soil (organic carbon
content 0.68%) to 99.7 in a silt loam soil (organic carbon content 2.01%).
In soil columns, ~5% of the applied chlorpyrifos leached below the upper

5 cm in the loam soil, while <1% of the applied chlorpyrifos leached below
the upper 5 cm of the sandy 1oam and silt loam soils (the two soils

highest in organic carbon).

2,6-Pyridine ring-labeled [14c]chlorpyrifos (purity 97.9%), at 1.2 ppm, in
a sandy loam soil maintained under aerobic conditions at 25°C in the dark,
degraded with a half-life of 7-10 days (McCall, 1985a; No MRID). One major
degradate, identified as 3,5,6-trichloro-2-pyridinol, was formed (maximum
28.1% of the applied at 10 days posttreatment).

Aged (10 days) 2,6-pyridine ring-labeled [14C]chlorpyrifos (purity 97.9%)
residues were moderately mobile in a sandy loam soil after leaching with

20 inches of water; 73% of the applied remained in the upper 5 cm of the
column (McCall, 1985a). The remaining [14CIresidues were distributed evenly
throughout the column and in the column leachate. Chlorpyrifos and 3,5,6-
trichloro-2-pyridinol were the major components of the residues. 3,5,6-
Trichloro-2-pyridinol (purity 99%) had adsorption coefficients (Kq) of

0.37 and 0.33 in two different samples of the sandy loam soil.

[l4cIChlorpyrifos residues volatilized with a half-1ife of <12 hours from the
surface of corn leaves treated with formulated (4 1b/gal ec) [14c]chlorpryifos
at 1.12 kg/ha (McCall et al., 1985). At 96 hours posttreatment, >80% of the
applied radicactivity had been volatilized, and ~1 and 11% of the ap-

plied was detected on the Jeaf surfaces and in the leaf tissues, respect-
ively.

RECOMMENDATIONS

Available data are insufficient to fully assess the environmental fate and
transport of, and the potential exposure of humans and nontarget organisms
to chlorpyrifos. The submission of data relevant to registration require-
ments (Subdivision N) for terrestrial food crop, terrestrial nonfood,
aquatic nonfood crop, domestic outdoor, and indoor use sites is summarized
below: '
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Hydrolysis studies: One study (McCall, 1986; No MRID) was reviewed and is
scientifically valid. This study fulfills data requirements by providing
information on the hydrolysis of chlorpyrifos at pH 5, 7, and 9.

Photodegradation studies in water: No data were reviewed for this addendum,
but all data are required.

Photodegradation studies on soil: Based on data submitted for the Chlorpyrifos
Addendum dated April 24, 1985, all data requirements have been met.

Photodegradation studies in air: No data were submitted for this addendum,‘
but all data are required. Reference is made to conclusions reached following
earlier reviews of similar studies.

Aerobic soil metabolism studies: Based on data submitted for the Chlorpyrifos
Registration Standard dated September 28, 1984, all data requirements have
been met. .

-~ Anaerobic soil metabolism studies: Based on data submitted for the Chlorpyrifos
Registration Standard dated September 28, 1984, all data requirements have
been met.

Anaerobic aquatic metabolism studies: Based on data submitted for the Chlor-
pyrifos Addendum dated April 24, 1985, all data requirements have been met.

Aerobic aquatic metabolism studies: No data were reviewed for this adden-
dum, but all data are required.

Leaching and adsorption/desorption studies: Two studies were reviewed; both

were considered scientifically vaiid. One study (McCall, 1985b; No MRID)
partially fulfills data requirements by providing information on the leaching

of unaged chlorpyrifos through columns of three soils and on the adsorption of
chlorpyrifos to three soils. The second study (McCall, 1985a; No MRID) partially
fulfills data requirements by providing information on the leaching of aged
chlorpyrifos residues through one soil. Based on the Chlorpyrifos Registration
Standard and Addenda, data have been reviewed which provide information on

the adsorption of chlorpyrifos (unaged) to a variety of soils and an aquatic
sediment, and on the leaching of unaged chlorpyrifos through three soils and

aged chlorpyrifos through one soil. A study is needed providing either
information on the desorption of chlorpyrifos from four soils and one sediment,
or on the Teaching of unaged chlorpyrifos through one additional soil and

one sediment. Reference is made to conclusions/recommendations reached following
earlier reviews of similar studies.

Laboratory volatility studies: One study (Swann et al., 1985; No MRID) was
reviewed and is scientificaly valid. This study does not fulfill data
requirements because: Experiment 1 - volatility data were_not expressed as
ug/cmé/hour, air concentrations were not expressed as ug/m’ or mg/m3, the

test soils were not completely characterized, and the relative humidity was

not reported; Experiment 2 - volatility data gere not expressed as ug/cmz/hour,
air concentrations were not expressed as pg/m° or mg/m°, and material

balances were incomplete. All data are required.
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Field volatility studies: No data were reviewed for this addendum; however,
all data may be required depending upon the results of the laboratory volatility
studies.

Terrestrial field dissipation studies: No data were reviewed for this adden~-
dum, but all data are required.

Aquatic field dissipation studies: No data were reviewed for this addendum,
but all data are required. -

Forestry dissipation studies: No data were reviewed for this addendum; how-
ever, no data are required because chlorpyrifos has no forestry uses.

" Dissipation studies for combination products and tank mix uses: No data were
reviewed for this addendum; however, no data are required because data re-
quirements for combination products and tank mix uses are currently not being
imposed.

Long-term field dissipation studies: No data were reviewed for this adden-
dum; however, based on data submitted for the Chlorpyrifos Registration Stan-
dard dated September 28, 1984, the data which were submitted for aerobic soil
metabolism meet this requirement.

Confined accumulation studies on rotational crops: No data were reviewed
for this addendum, but all data are required. :

~ Field accumulation studies on rotational crops: No data were reviewed for
this addendum, but all data are required.

Accumulation studies on irrigated crops: No data were reviewed for this
addendum, but all data are required.

Laboratory studies on pesticide accumulation in fish: No data were reviewed
for this addendum, but all data are required.

Field accumulation studies of aquatic nontarget organisms: No data were
reviewed for this addendum, but all data may be required depending upon results
of fish accumulation studies

Reentry: No data were reviewed for this addendum, but all data may be required.
California has imposed a reentry interval of 2 days for crops; a Federal reentry
interval of 1 day for crops has been established. For each representative crop/
site the registrant is required to propose an acceptable interval based on either:
a) data on dissipation of foliar and/or soil residues of chlorpyriphos (decline
curve), on human exposure to those residues, and on toxicity of chlorpyrifos; or
b) determination of that time beyond which there are no detectable, dislodgeable
residues remaining in the worker environment.
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