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leaching) of. aerobically-aged propazine in sandy loam, sand, loam, and
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"to four soils and aged for 30.day
" column packing.. 2an average of 2%
radiocactivity was collected ifa th
applied radioactivity remained:in
52% (loam) to 84% (sandy loam),
of the column sections, indicatin
propazine res1dues durlng the lea

its degradates, applied at -a rate of 5 ppm
s, varied with soil type and, possibly,
(sandy loam) to 19% {sand) of the applied
e leachate. While the majority of the

the 0-6 cm soil sections, ranging from

adloactlve residues were detected in each

g some redistribution of the aged «
ching process. Propazine was the only - .
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{batch equilibrium) -of unaged pro
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cceptable information on’ the mobility
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a sandy loam soil from Fayette County,

KY, and sand, loam,. and silty clay soils from Madison County, KY, were
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(Comment 1). At the start of the
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e I for soil sample characterlzatlon)
study, soil viability was evaluated using
tinomycete isolation,. and potato dextrose
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Aging Process: Ring-labeled [%C]-propazine [6-chloro-N,N’ -bis (1~
methylethyl)—1,3,5—triazine=2;4~diamine; radiochemical purity 97.9%, .
specific activity 104.4 uCi/mg] was applied at a rate of 5.1 ppm * (Comment
2) to sieved (<2 mm) soil samples' that were adjusted to 75% of 0..33 bar
.-moisture content and incubated at 25°C ‘for 3 days. The treated samples
were aged in the dark at 25 + 0°C and 75% of 0.33 bar soil moisture content
for 30 days (Comment 3). The Stoppered flasks were flushed with air at 14

. -and 30 days. Duplicate samples: of each soil type were sampled at 0, 14,
and 30 days; volatiles and CO; were collected at 14 and 30 days using a
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_ TableL Physicochemical Characteristics of Soils. (2)
Soil DeScription .
I B Sandy = - , Silty
- Parameter - Sand (b) - Loam(c) .  Loam @ ‘ Clay (e) ~
© PTRLEast,Inc:LogNo. . U3 . Q2 - R2 VL
T A . 59
Texture Class
% Sand . o2 .| 610 484 88
s . 60 230 324 440
S 7 %Clay 28 100 192 ‘ 472
Field Copacity @~ 28 . - 13 235 ‘32
Organic Carbon (%) =~ 025 S 100 - %! 1.36
CEC(®) .20 55 172 166
- 4 pulkDensity (gfom3) (h) D0 ke 124 15D 146

~ (a) The sandy lbatn'was collected from horizon A in Fayette County, Kentucky. The sand, loam and silty clay were

collected from horizon A in Madison County, Kentucky. Physicochemical characteristics of sandy loam determined
by PTRL East, Inc., Richmond, Kentucky and sand, loam and silty clay by A & L Great Lakes Laboratories, Inc.,

_* Fort Wayne, Indiana. S —_— S

®) USDA soil series classification: Sand from Kickapoo fine sandy foam series. S -
(c) USDA soil series'classification: Sandy loam from Huntington silt loam series. -
" (d) USDA soil series classification: - Loam from Hontington silt loam series. : .

" {€) USDA soil series classification: Silty clay from Bden Silty Clay foam sefies.  —~ s—gs R
(f) Based on ml water/100g dry soil at 0.33 bar. T R * ' ‘ ’
(¢) Cation exchange capactiy. . ' . s o S
(1) Determined on undisturbed sandy Joam by the College of Agriculture, University of Kentucky, Lexington,

SR Keqwckyandqnundiﬁcrbcdsand,loa@ and silty clay by PTRL East, Inc., Richmond, Kentucky.
PTRL Project No. 855
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Table II1. Distributidn’of Radiocarbon EXt,racted From and Remainingﬂ 0

n Sand Throughout the Aging Period.

~ Sample/ ,Aiﬁ:.eioni_t:rile/‘W ater | ,
Replicate - - (Extract )@ . %) (Bxtract 2)(¢) %)

Total DPM Present In:

e oL

. Methanol/Ammonium
Hydroxide Reflux

DPM

'Remaining

on Soil(d) .

%(b)

Total
% _
Recovered(e)

DayOA - 53516035 1. 898

L

gpofed

- ¢c8 “ON 1090030 TALd - R

 DayOB
Dayl4B . 49419124 82.9

DayiB 41992037 805

O
oy
)

54331682

DayWA 49455263 830

Day30A . 4925874 7

109,764 - 02
240,783 , 04

1413222° 24 |

2 |
1276452 21
Letet0l 27

1,750,140, 29

51,344

66,476

o1

0.1

90.1

3,590,510

3,057,781

7,101,368 .

5,307,362

119

5.1

6.0

89

j9i.7» -
905
v91‘.'i o

93

924

(@ Acetonitrile:water'(9;1; viv) shal;.é and reflux extractions pooled. - '
(b) Based on 50,504,144 dpm applied per flask.

*(¢) Methianol:ammonium hydroxide (1:1, v:v) reflux.

(d) Includes dpm remaining on filter.
(e) Includes dpm f;om gas di_sp,ersionvtraps. o




Table IV . D1str1but10n of Radlocarbon Extracted From and. Remammg on Sandy Loam Throughout the Agmg Perlod

3'.

" Total DPM Present In:

v 932&

.
S S Methanol/Ammoniom’ - DPM" . - Total
. Sample/ Acetomtnle/Water . Hydroxide Reflux _ Remaining. %
Replicate" ‘ . (Extract 1)(a) %) 0 (Extract 2)(c) %(b) on Soil(d) %(b)'{ " “Recovered(e)
DayOA < *58,_304,3_37' o1  NA® . - - 271066 05 983
. DayOB - 56340377 %45 NA - 30750 = 05 951
Day /A 51390880 862 1408319, 24 4664029 - 78 964
Day14/B -~ 50458455 . 847 1,412,151 24 463305 78 948
Day 30/Af‘ 750,010,‘30.0 : 839 - 1450083 - 24 6,434,106 - 108 97.1
‘ 'f"'Da)"‘SO/B 49709732 ‘83.4, 1,710,101 29 . 6923963 16 979
e . k(a) Acetomtnle water (91 vv) shake and reﬂux extracnons pooled.
- (b)Based on 59,594,144 dpm applied per flask.
g (c) Methanol: ammomum hydroxide (1:1, v2v) reﬂux )
. (d) Includes dpm remaining on filter. . : 8
3. (e) Includes dpm from gas dispersion traps. 5
8 (D Not applicable. ' . ‘
& .
g j ’;1!‘
i
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Table V. | Distribuﬁonfof Radioqarbon Extracied From and Remaining on Loam Throughout the ’Aging_Peri_od. |

" Total DPM Present In:

B | : L Methanol/Ammonium f DPM B Total
Sample/ . Acetonitrile/Water - ©+  HydroxideReflux Remaining L % -
Replicate (Extract 1)(a) 7 %(b) ’ (Extract 2)(c) . %(b) on Soil(d) _%’(b) ) Recovered(e) -

DayOA 59325132 95 NA® . gsor 05 1000

DayOB 60563564 1016 NA - 38569 w0 1026

|

AN

. Dayl4A 51363411 86.2 1,177,129 L 20 4365633 73 . 955

Day14B 51,641,782 “ogeT 1157255 - 19 4,087,608 59955

Day30A - 4sedTssT | 768 C asmass 27 osaouss Ao @32

Day30B 47,150,663".”- 91 1831420 31 8708916 146 968

(@) Acetonitrile:water (9:1, v:V) shake and reflux extractions pooled. — - | : 7

(b) Based on 59,594,144 dpm applied per flask. = B _ - %ﬁ;

 (c) Methanol:ammonium hydroxide (1:1, v:v) feflux. ‘ . : . _ D

© (d) Includes dpm remaining on filter. =~ - » | :
(¢) Includes dpm from gas dispersion traps. e N g , : oo

(ONotapplicable. | ‘ o : o

cy o%ed

. ggg "oN 1ofo3d THId
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" Leachate -

v

Table XII.  Soil Section Weights and Leachate Fraction Volumes.

-

Soil Lo e

Section PRI co e » o
Weights(g) =~ - - Sand: .- - . ' Sandy Loam
IR - (U-3)(a) : ' Q-2) ()

"RepA - RepB -~ RepA . RepB

;-

. 06em 0 27406 27590 - 23375 24647 ~
. 612em 21532 ~
A12-18em- - - -213.08°
1824em- . - 21641

20199 - 219.23

20339 20204
20673 - 21345

24'-30_cx_,’n_}' 23180

Towl V115067 11412 105063 108324,

Fraction

'

 Volumes(ml). -~ . Sad - ' - . SandyLoam

RepA Rep B o Rep A Rep B

264 . 249 R 7' N - 250
2640 285 238 252

\

et o 09 1040 1026 1075

Loam

o RY@

Rep A

Rep B

20477 - 20205

241.47 239.22

184.92.

187.24

. 192,01

213.46

1019.10

193.68
195.19
201.18

- Loam

191.29

102056

Rep A . s

Rep B

252 253 | 253203

259 . 253 298 . 360

247

248
232
294

1021

1254
267
249
255

1025

SR Silty Clay

V-1) @)

RepA . RepB ™

25414 24974
191.39 199.72
19739 - 18598
21035 -, 20645
204.25 174.85

© 105752 - 101674

' Silty Clay

RepA ~ RepB

258 . 260

239 257
© 257 255

27 251

10251023

(a) PTRL East, Inc. Soil LogNo. =~~~ -



vt
 Table XVIL.  Accountablilty of Radiocarbdn Presenit in 0-6 cm Column Sections From Each Soil Type. :
Total DPM Present In:
: S T . Methanol/ - Y o
Sample/ T o o ) Ammonium Hydroxide - DPM. -7 Total Total _ " g
Replicate/ DPM Applied  Acetonitrile/Water ' Reflux Remaining : DFM % . F
Section ~'in Section (2) . (Bxtract 1)(b) ) (Extract2)(d) -~ % () onSoil(e) %) - Recovered Recovered o : i
Sand g
o 06em 4:8,32,3.,295 , - 37,635,059 779 1,879,175 3.9 6,184,537 12.8 45,698,771 94.6
- RepB : . . - : - \ ~ -
—0-6- 48,581 _\6 i 3.8,301_,"/84 ' 788 2,511%,74%9 5.2 6,676,663 13.7 47,490,196 - 978 )
*_ SandyLoam . . _ : M o ‘ ‘ o [L - - —
" RepA - B e _ ' : L -
s 0-6 cm 52,052,103+ - 42,188,603 81.1 1,912,552 3.7 7,302,491 14.0 51,403,646 ~ 988
RepB o S - - . o '
L 0-6cm .- 48,673,315 38,632,658 . 194 2,057,334 = 42 7,964,057 164 48,674,049 1000 = -
: : ) I S : . 1 ’ ‘ .
“Loam
Rep A ‘ o : i ’ - . o S |
0-6cm - - 31,282,752 23,6237223 75.5 1,791,553 .. 5.1 8,388,300 268 33,803,076 - 108.1 ' S
RepB ' S ‘ , o b . o ] , o .
0-6cm - 30,337,066 69.5 1,247,618 4.1 6,538,987 - 216 28,870,499 952
Silty Clay ?;th .
RepA L o S ‘ R : ' : .
- - 06cm 44 9-90 030 \ 829 2,299,611 .51 7,976,411 17.7 41,550,837 L1057 ’ o
- Rep B~ S , - ’ o S ' -
é 0-6 cm 41, 538 773 79.1 2,116,147 510 7,736,170 18.6 - 42,689,830 - 1028 .
oo , o o o
R A ey .
c% '% (@) Determmed by combustlon analysis of five 0.50g hﬁxquots of soxl. ) (c) Based on dpm ‘applied in column section. * (e) Includes dp’rfr? remaining on extraction filter.
9 a (b) Acetonitrile:water (9 v v) shake and rcﬂux extmicts pooled : ' (d) Methanol:ammonium hydroxide (1:1, v:v) reﬂux - -
g v .
o i
L ¥ ; ‘
M .
¢ w1 B



~ RESULTS AND DISCUSSION
 Radiochemical Purity of [4CIPropazin

’I‘he radrochemrcal punty of [14C]propazme as deterrmned by HPLC was 98. 44%
- ‘(mean of two mjectlons) prior to the addition of the test matenal to the test system
- Radiochemical purity was also determmed by HPLC analysis following compleuon of
column extractions (98.45%) thus demonstratmg stability at the test site.
Radrochromatograms and peak integration summar_1es for these analyses are presented in
Figures 8,9 and 10. Non-radrolabeled reference standards Flgures 3-7, were analyzeLQ :
quahtatrvely by HPLC prior to uuuatron and following the last sampling mterval to
’estabhsh the1r stability at the test 81te for the duratlon of the study.

W

\ Maintenan_ce of Treated Soil Samples for Aging

_ Incubator temperatures are presented in Table XIX. The mean incubator: :
Y = ‘temperature was 25.0 +0.0°C. Waterkradditi‘Ons were made throughout the aging period in -
‘ all four soil types to maintain 75% field capacity at 0.33 bar. Volumes of water added are
' presented in Table XX. Soil extracts of Day 0, 14 and 30 for all four soil types were-
- analyzed by HPLC. Distribution of fadrocarbon extracted from and rernammg on seil for e
these samples is presented in Tables I - VL Material balance for each of these extracted
“soil samples is presented in Tables VII - X, Quantitative degradat10n proﬁles in all four
" soil types are presented in Tables XXI - XXIV High performance 11qu1d
radrochromatograms and peak 1ntegrat10n summanes for soil extracts of the four aged so1l
types are presented in Flgures 11 14 . o -

foms

_ The txme requlred for 1, ;030 ml of water o pass through each of replicate sand, -
vsandy loam (replrcate A) and loam columns was less than one day. The sandy loam
' r(replrcate B) and silty clay replicate columns reqmred two days. Bulk density, void
volume, soil column section weights, volume of eluant required to leach one-half of the
‘applied radiocarbon and dlslnbutmn coefﬁcrents are presented in Table XL The |
. distribution coefﬁcrents of [14C]propazme in each of the four soil types (mean of two

* replrcates) were calculated as descrrbed in the g;alculanons sectlon and are presented as
*follows ' ‘ ‘ - C

PTRL Project No 855
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Soil Type_ ‘, ~ Kg'Value ] :

Sand 446 T
SandyLoam = 4244 | | |

Loam - 3,57
Silty Clay . ‘

thh more remaining in the soil column and less
“in the ledchate fractions. The percent of otal radiocarbon remaining in the soil column
(mean of replicates) ranged from 75.1% in loam to 92.7% in sandy loam. The percent of
radiocarbon in the total leachate ranged rom 1.7 to 19.0% (sandy loam and 1oamcolumns
respecnvely) The highest concentration of radiocarbon present in the soil column sections
" was in the 0-6 cm section for each soil ype. Concentrations of radiocarbon in the 0-6 cm
 sections ranged from 84.5% of the applied radiocarbon in the sandy loam to 51.7% in
- loam. The highest percentage of radiocarbon in the leachates was in the second fraction for
sand (9.1%), fourth fi‘action for sandy oam (1.1%), third fraction for loam (7.3%), and
fourth fraction for silty clay (3.0%) soil columns. Concentratlons of radiocarbon present in
individual 6-cm sections and each leae ate fraction are presented in Tables XI[I XV, XV
and XVI for sand, sandy loam loam and silty clay columns, respecnvely

Total radiocarbon was distribute

. extracnon in Tables I - VL For all aged soil samples only the pooled ACN HZO shake
~and reflux extracts (Extract 1) contm e sufﬁment radlocarbon for HPLC analysls
Quanutanve degradation profiles for ged soil samples are presented in ,

vTables XXI XXIV for sand sandy loam, loam and s1lty clay, respectlvely

. Ma]or compounds present in ',_ay 30 Extraet 1 samples were propazme and
\' propazme—Z-hydroxy (up to 82.3 and 1. 5% of the. apphed radlocarbon for all soﬂ types,

~ mean.of replicates, respectxvely) Ra 1olabeled compounds that remained in aged Day 30

~ sand extracts were propazme and pr pazme-Z—hydroxy (in Repllcate A only) at80.2and - |

" Page 36
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 0.3% of the apphed radiocarbon (mean of replicates), respectively. No unknown

degradates >0.6% of apphed radtocarbon (mean of rephcates), were detected in the aged

‘ sanid extracts. The only radiolabeled ¢ compound remaining in the aged Day 30 sandy loam
.and loam extracts was propazme at 82.3 and 77.3% of the. apphed radiocarbon (mean of

rephcates) in each soil type, respectively. Radiolabeled compounds that remained in aged

Day 30 s1lty clay extracts were propazme and propazme-Z-hydroxy at 75 3 and 1.5% of the
-applied radlocarbon (mean of rephcates) respectlvely No unknown degradates >O 6% of
applied were detected in the aged silty clay extracts. Atrazine-desethyl, atrazme-desethyl_—_z-
o hydroxy and auazine?desetltyl—desisopropyl were not detected in any agedsoil extracts.
" High performance hquld radtochromatograms of’ rep?esentative aged soil extracts are -

presented in Figures 11 - 14. High performance hquxd radlochromatograms forall sarnples |

- used in quantttahve charactenzatxon are presented i in Appendix 5

" Leachate fractions that Contained >5.0% (6.8 - 11.3%) of the applied radiocarbon
were manipulated prior to being subjected to HPLC analysis. Radlocarbon recovery for
these leachates upon centnfugatlon is presented in Appendix 3 (294.6% recovery).

- Representative leachates were. manxpulated prior to being subjected to TLC analysis for

confirmation of propazine and degradation product identity. Radiocarbon recovery for. .= ‘

these leachates upon partitioningand concentration is presented in Appendix 4(298.8%

" recovery). Quantttattve degradation profiles for leachate fractions of Sand, Replicates A
~ and B, Second Fraction and Loam, Replicates A and B, Third and Fourth Fractions are
‘ presented in Table XXVIL The only radlolabeled compound in leachates was propazine at.

I

6.8 - 11.3% of the applied radiocarbon in sand and Ioam leachates: Propazme—Z-hydroxy, ‘

a atrazme—desethyl atrazine-desethyl-2-hydroxy and atranneedesethyl de51sopropy1 were not
1detected in any leachial® fraction by FEEE-Nounlennmadegradates
leachate, fraction. Representative hxgh performance hquld radlochromatograms and peak -

' mtegratlon summaries of leachate fracttons are presented in Fxgures 15-16. ngh ‘

 were. detected inany

performance hquld rad1ochromatograms for all samples used for quanutauve

charactenzatton are presented in Appendtx 6.

All 0-6 cm soil column sections for all soﬂ types were. extracted and sub_]ected to

. HPLC analysns A summary of the extractlon techmques used for each sample is presented

PTRL Projcct‘No; 855
Page 37




in Table XXV Extraction efﬁciencies and| recovery of radtocarbon from the extraction
procedure are presented for each 0-6 ¢ cm column section in Table XVIL. Forevery 0-6cm
column section, only the pooled ACN: HzO shake and reflux extracts (Extract 1) contained
sufficient radlocarbon for analysis. Quantitative degradatton profiles for all 0-6 cm
~ extracted soil sections are presented in Table XX VII for sand, sandy loam, loam and silty
clay columns. “The only known: radlolabelcd compound remammg in the 0-6 cm column
section ACN: H20 extracts was propazme at 63. 2,67.2,37.4 and 56 1% of the applied
radtocarbon (mean of rephcates), respectt vely for sand, sandy loam, loam and silty clay
~ soils. Propaz1ne-2—hydroxy, atrazine-des¢ thyl, atraz1ne-desethyl—2—hydroxy and atrazine-
desethyl—desmopropyl were not detectedsirany 0-6 cm column section soil extracts. No™ o esmmL T
N unknown degradates were detected >2.0% of apphed radiocarbon (mean of rephcates) for |
_any column sectton extract. High performance liquid radiochromatograms of representauve
soil column section extracts are presented in Figures 17 - 20. High performance liquid
radiochromatograms for all samples used in. quantttattve charactenzatton are presented in

Appendix 7. -

Confirmation of Degradate Identification

_Identities of propazine and propa zme—2 hydroxy in aged soil extracts were
_ confirmed by two-dimensional TLC. Analysis of aged-Day 30 ACN:H0 shake and reflux-- - S
soil'extracts (Extract 1) from all four S0 il types indicated that the quantities of radiocarbon

present as propazine and propazme—2 droxy were consistent by HPLC and TLC (see
Table XX VIII). Shghtly higher amou ts of propazine and propaz1ne-2-hydroxy were
- shown by HPLC versus TLC.. Atrazin -desethyl although not detected by HPLC
~ analysis, was 1dent1fied by TLC analysis. The thm—layer radtochromatograms of the

ACN:Hy0 aged so1l extracts of Day 3 Rephcate A, sand, sandy loam, loam and sﬂty clay
§6ﬁﬁ§2’"’%’i”e“preseﬁted‘:w?1gures 21- 24. 'ntegrauon snsnmanes derived¥$
quantltatlon of scraped zones of these lates are present ed in Tables XXIX XXXII

Two-drmensronal TLC analy .5 were also perforrned on the Sand Rephcate B,
Second Fraction and Loam, Rephcate A Fourth Fraction leachates. The concentrationof ..
- propazme was con31stent by HPLC a d TLC analyses (see Table XXVI]I) Propazme—2- ,
hydroxy was not detected by. HPLC or TLC Atrazme-desethyl although not detected by
= HPLC analysis, was identified by TLC analy31s (1.2% of analyzed) Thm layer
o rad1ochromatogramsof the. two leach ates are presented in Flgures 25 and 26. Integrauon :

N
J
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, summanes denved from LSC quanutatron of scraped zones of these plates are. presented in
‘;_Tables xxxm XXXIV. ' |

M?aterialeBalang& .

Total radlocarbon recovery in leachate and soil for the entire study . ; ‘
.~ (mean# standard error of replicate columns of all four soil types) was 94. 3 * 1 2%.
Mean recoveries for rephcate columns of each soil type were as follows

1 mn Containing '1lT e

Sand
Sandy Loam \
Silty Clay : o 91.4

. Mean + Standard Error 943 £ 1.2

‘ See Tables XIII - XVI‘forradiocarbon recovery of each lndividual column. -

AR

 Storage Stability
Analyses were pe‘rfo'rmed on samples up to 13 days after sample preparation‘for
~ .aged soil ektracts 22 days after sam’ple preparation for the 0-6 cm column section extracts
- and within three months after leachates eluted from thelr respecuve columns, Since soil
. extracts were analyzed within 30 days and all showed 296.19% propazme (see ,
" Appendix 7); no other stability data is needed. Analysis of the Sand, Replicate B Second
. . Leachate Fraction and the Loam, Rephcate A, Fourth Leachate Fraction (Figures 15
Tz - and 16) after three months of storage show 100.00% (%. of analyzed 14ngroganne by
o HPLC. Conﬁrmat:on analy31s by TLC showed 97.1 and-98.4% (% of analyzed) as .
o o [14C]propazme for these sand and loam leachates respectwely (Frgures 25'and 26)

- Therefore, no degradatwn of [14C] propazme resulted from sample storage
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CONd:LUSIONs
An assessment of the potentlal mobxhty of [14C]propazme in soil was determmed

by leaching (followmg aerobic agmg for 3‘ days) in four different soil types ranging from
sand to silty clay. (14C]Propazine and/or i degradatmn products exhibited slight mobxhty
‘in all cases with 1 7 to 19.0% of the applied radiocarbon passmg through the columns in
* the leachate. Chromatographlc analysis indicated that [14C]propazme was present in aged
soil extracts (up to 82 3% of the applied r dxocarbon mean of rephcates) leachate fractions
(up to 11 3% of the applied radiocarbon in the Sand, Rephcate A, Second Fractmn) and
0-6 cm column section soil extracts {up 67 2% of the applied radlocarbon, mean of
rephcates) Propaune—Z—hydroxy was on y present in Day 30 aged sand and silty clay soil
extracts, 0.3 (Rephcate A only) and 1.5% (mean of rephcates) of applied rad1ocarbon,
reSpectlvely Atrazine-desethyl, atraziner desethyl-2-hydroxy and atrazme—desethyl—
des1sopropy1 were not detected in any aged soil extract, leachate or 0-6 cm column secuon
soil extract. No unknown degradates were present in any leachate or aged sandy loam or
loam soil extracts. No unknown degradates were present >0.6 or >1.5% of the apphed
radiocarbon (mean of rephcates) in any aged sand or silty clay: soil extracts. Distribution
‘ coefﬁ01ents $:€)) were calculated: for each so11 type, showing [14C]propazme to-have slight
., moblhty in all four soil types- tested et e mmeren e
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